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WIND TUNNEL TESTS OF AILERONS AT VARIOUS SPEEDS 
V - PRESSURE DISTRIBUTIONS OVER THE NACA 66,2-216 AND 
NAOA 23012 AIRFOILS WITH VARIOUS BALANCES 
ON 0.20-0HORD AILERONS 
By W. Letko and H. G. Denac! 
SUMMARY 
Pressure-distribution' tests of an NACA 66 ,2-216, 
a = 1.0, airfoil, equipped with a blunt-nose-balance aileron 
and a sealed internal-balance aileron, and of an NACA 23012 
airfoil, equipped with a Frise aileron and a blunt-noae-
balance aileron, were made in the two-dimensional test 
section of the LMAL stability tunnel. The te sts were made 
at various airspeeds corresponding to Mach numbers of ap-
proximately 0.20 to 0.47. The pressures were measured on 
the upper and lower surface at the midspans of the main 
airfoil and the aileron for several different aileron de-
flections at several angles of attack~ 
The data are presented in the form of pressure-
distribution diagrams for the airfoil-aileron combinations 
and for the aileron alone and as curves of sec tion coeffi-
cients which were obtained by inte gration of the p re ssure-
distribution diagrams of the airfoil-aileron combinations. 
INTRODUCTION 
The forms of aileron balances in current use have 
given performance that was satis fact ory ac cording to pre-
vious airplane requirements. With the development of 
current combat airplanes, however, large increas es in the 
speed and the wing area of these airplanes, together with 
the demand for high rolling velocities, have made it 
necessary to balance almost completely the h inge moments 
of ailerons in order that the ailerons can b e deflected 




together with com~ressibilit y effects, has caused over-
balance of ailerons at high s peeds on sorue existing ailer-
on installations . It ha5 been considered desirable, 
therefore , to reinspect certain of the currently us ed o~ 
recentl y p ropo sed balance ar~angemeLts from these consid-
eratio~1s . 
The NACA is thus undertaking a study of s ome of t h e 
more p r omi sing aileron forms at hi~her speeds than those 
employed in previous developments. References 1 to 4 
have reported the effect of speed on section hi~ge-moment 
coefficients and section lift coe fficients of O.20-chord 
ailerons equipped with blunt - nose and sealed interna l 
balances on the NACA 66 , 2 - 216 , a = 1 . 0, airfoil and with 
blun~ - nose and Frise balances on the NACA 2~012 airfoil. 
The present r epo rt , whi ch is intended to supp lement the 
information p revi ous ly given , presents data pri~arily to 
s how t he ef fec t of speed on the pressure dist1'1bution over 
the sa~e wing and ailero n 'co mb inatio ns as p resente d in 
references 1 to 4 . 
Pressure- distribution diagrams hav e been g iv e n at 
Mac~ numbers of approxinately 0 .20 and 0 . 47 for th e con-
fi gu ration of each aileron that is telieved to be the 
most practical . Pressure- dis ri bution diagrams for the 
aileron have been g iven to sho~ the change in pressure 
distribution with chan~es of aileron co n fi gurat ion a t a 
Ma c h numb er of 0 . 3 6 . Cu rves of the section coefficients , 
wh ich were obtained by integration of the pressure-
dis t ribut io diagrams of the airfoil-aileron cOffibinations, 
are g iven for the airfoil-ailer on combinations and for 
the aileron alone . 
SYMBOL S 
The coefficients and symbols used in this report are 
defined as follo ws : 
airfoil section normal - force coef f icient 
airfoil section pitching- moment coeff icient about 
the qua r t e r - c 11 0 r d poi n t 0 f t 11 e air f 0 i 1 (~~L~ \ 
qc "') 
aile ron section normal force coefficien t (:~~i , (Xa) 




ch aileron section h~dmmrl 
a 
p ~ressu re coefficient ; 
static pressure cf 
dyna:nic oressure 
bu t ion d i a f~ r a !Xl ) 
local st at ic p ressure minus 
the freu str eam divid ed by 
(Ordinate of pressure d istri-
Pc crJ.tical pressu re coefficient, t. hat is. the p r es su re 
where 
coeifici e~t corresponcing to the local velocity 
of sou nd 
n section ormal force 
mc/4 section pi t ching moment about the quarter-chard po i n t 
of air fo il 
na aileron section normal force 
q 
aileron section chord force (no+,; i - _c lu(~ine; prof il e 
drag) 
aileron section hinge mOilleut 
dynamic pressure (~pV8) 
V air ¥elocity 
P mass d ensity of air 
and 
a o an~ le of attack of a irfoil for infinit.e aspect ratio 
8a aileron angle ~ ith r espect to a irfo il 
M lilacn numbe I' 
APPARATUS AND llODEL 
T~sts were made in the tryo-dimensionel test se ct ion 
of the stabilit y tunnel . Air velocities up to 4 00 mile s 
per hour can be obtained in this test section, ~h ich is 
6 feet high and 2.5 feet wide. Figu re 1 is a 9hotograph 
of the test s ectio n with a ~odel in plac0. 
4 
The models inv estigated had NACA 66 ,2-21 6 , a = 1.0, 
a nd NACA 2aOl2 air fo il s e ctio n s of 4-foot chord . Table I 
g i ve s the airfoil o rdi nates . The main p ortion of the air -
foil models was made of laminated maho ~any . The 'ailerons 
(fig . 2) , of 0.20 c ho rd and of true contour . we re made of 
s t e el . The no se uie ces were made of wood on all but t~e 
i nternal- balan ce aile ro n , on wh ich a steel nose piece was 
used . The co ve r plates of the internal-balance aileron 
were mad e of liS-inch sheet s teel that rras r oll ed to the 
ai r f oi l co n tou r . The v ent gap was varied b y u si ng cover 
~late s of different leng ths. The seals used on the 
i nte r nal - balance and blunt-nose ailerons were made of i m-
pregnated co tton fabric and extended conpletely across 
the a irfoil span . In order to prevent leakage at the 
ends of the internal-balance aileron. the clearance be-
tween the end s of the balance and the walls was kept at 
a min i mum and s e a led with grea se. 
The aile r on was su pp orted at the ends by ball bear-
ings house d in ste el end plate s attached to the airfoil . 
The ai r foil comp let e l y spanned the tunnel and was fixed 
into ' ci rcula r end disks uh ich were fl u sh wit h the tunnel 
wal l s with about l iS -inch clearance between the aile ron 
and these end di sks . 
The angle of attack was changed by r o t ating the end 
disk s . Ai ler on ang les we re var i ed and set from outside 
the tunnel . Pressure or ifices were located on the center 
lines of the a ir foils and a ilero ns exc ep t when a small 
amount of stagger wa s necessary where the orifices we re 
closely spaced, as at t he l eading edge of the ai r foil and 
aile r on. The p re ssu re di stri bu t ion was recorded by photo-
graph ing a multipl e-tube manome ter. 
TEST S 
Ihe pressure- dist ri bution tests report ed herein wer~ 
made simultaneous l y wi t h hinGe- moment and lift tests for 
all the ffio del co n fi gu ratio n s r eported ill references 1 to 
4 ; howeve r, only thos e records believed to be the mo st 
usefu l are p rese nte d . 
Reco rds were taken at airspeeds corresponding to 
Mach number s of ap p ro x i mately 0 . 20, 0.36 , and 0 . 47 ; the 
lowest ~ach number corresponds to a Reynolds number of 
2 , 800 ,000 And the h i ghe st to a Reynolds number of about 
\ 
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6.700,000. Figure 3 is a plot of Reynolds number based 
on standard atmospheric conditions against test Mach num-
ber. Tests we re made at indicated angles of attack of 
_5°, 0°, 5°, and 10 ° . With the internal-balance aileron, 
howeve r, pressure-distribution records were taken only at 
angles of attack of 0° and 10 ° . For each angle of attack , 
records were taken at the indicated aileron deflections 
of 0 0 , ±5°. ±100. and ±lSo . The highest value of Mach 
number could not be attained at large angles of attack 
with lar ge aileron deflections because of limited tun-
nel power. 
PRECISION 
Angles of attack were set to within ±O .l o and aileron 
angles . to with in ±0.3°. The indicated aileron angles, 
which are given in the pressure-distribution diagrams, dif-
fer slightly from the actual a ileron ang les because of a 
small torsional deflection between the aileron and aileron-
angl e indicator; the aileron angles given in the plots of 
aerodynamic coefficients, however, have been corrected for 
t he torsional deflection . 
Corrections for tunnel-wall effects were app lied to 
the section normal force , the sectio n pitching-moment 
coefficients, and the angle of attack. The corrections 
applied are: 
where 
c n = [1 - Y (1 + 2~)J 
a o = (1 + y) a ' 
° 
c ' n 
0.304 (theoretical factor for NACA 66 , 2-21 6. a = 1.0 
airfoil) 
~ = 0.237 (theoretical factor for NACA 23012 airfoil) 
h height of tunnel 




l uncorre c ted or geometric an ~le of attack 
cmc/4~ mea su r ed pit c hing- moment coef f icient 
The values used are : 
For the l~.A.CA 66 , 2 - 2 1 6 airfoil 
cn = 0 . 963 cn I 
c = 0 . 986 c I + 0.000 c n 
I 
mC / 4 mC / 4 
For the NACA 23012 ai r foil 
c n = 0 . 966 c n I 
C I IDc/4 
For both airfoils 
Alt hough the effect of co mp ressibi l it y on these c o rrec-
tions has been neglected , this neglect is not believed to 
invalidate t h e co nclu sio ns giv en. 
No correc t ions we re applied t o the section hinge-
moment coefficient s , ail eron section chord-force coeffi-
cients , aileron section normal - force coefficients, or the 
pressure- dist r ibution diag rams . 
RESULT S AND DISCUS SION 
Section Pressure Distribution 
Pressure- dis tr i bu tion d iag rams of the NACA 66,2 - 21&, 
a = 1 . 0 , airfoil , e qu ipped with a blunt-nose-balance 
ai le ron and a sealed internal - balance aile r on a nd of th e 
NACA 230 12 airfoil , equipped with a Frise aileron a nd a 
blunt - no se- balance aile r on are given in figures 4 to 7 , 
respectively . The pressure coef fic ien ts i n th ese diag rams 
have been plotted p erpendicul ar to t he chor ~ line of th e 
airfo i l fo r all aileron deflectio n s. These d iagrams , 
Wllich are presented p rilla ril y to show the effect of increa's-
ing the airspeed on t he p r e ssD.re distribut i on , show that 
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the negative pressure coefficients increased with increase 
of speed, excep t where the pressure coef f icients were 
g reater than tr.e critical p ressur e coefficient or where 
separation took place. The theoretical variation of the 
critical pressure coefficient with Mach number, obtained 
fro m equation 6(a) of refere nce 5, is given in figure 8. 
Values of critical pressure coefficient have been indicated 
on the pressure-distribution diagrams for only t he condition 
where the local speed of sound has been reached or exceeded. 
The internal-balance aileron (fig. 5) 78S the only 
aileron tested that had peak pressures on the aileron that 
were always lower than those on the wing portion of the 
airfoil at all altitudes a.d aileron deflections. This con-
d i t ion i simp 0 r tan t b e c a -.1 s e, at 1 0 "1 a n ~ 1 e s 0 fat t a cl:: , pea k 
prassures on the aileron may determine thG critical speed 
of the airfoil-aileron combination. 
On the blunt-no e-balence ailerons, the peak pressure 
over the balance nose generally did not increase with in-
crease in airspeed and in some cases decreased c onsiderab ly 
(fig s. 4 and 7). Thi s phenomenon ceu be attri~uted to 
separation brought about by the projecting corners of the 
balance.. Because the characteristic shape of the pressure-
distribution diagram over the aileron changed from approx-
imately triangular to r ectang~ler when separatioc or stall 
occurred, the hinge-moment coefficients were greatly in-
creased. 
The peak pressures at the nose of the Frise aileron 
( fig . 6 ) were very high in the unstalled range of ne ga tive 
aileron deflection s and were usually higher than the peak 
pressures on any of the other ailerons tested. The flow 
through th e slo t between the aileron and the wing cause d 
wid e variations of pressure over the upper surf ace of the 
aileron forward of the binge . No large ~eak pressures 
were noted on the aileron at positive deflections. 
In order to s ho w the effect of changes in balance, 
nose radii, and ga~ width on he p ressure (istributioll of 
the various airfoil-aileron combina tion s, fi~ure s 9 to 11 
have been presented, which give onl y the pressure distri -
bution of the aileron portion of the airfoil for a Mac h 
number of 0.36. 
At aileron angle s other than neutral, the pressur e 
distribution Qf the blunt -no se- balance ailerons was con-
siderably changed because of changes of the balance-nose 
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radii . (See fig . 9(a) . ) The balance nose of the ailerons 
projecting into the air stream caused separation at small 
aileron angles . The unstalled r ange of the aileron was 
increased considerably by increasing the nose radii from 
o to 0 . 02c. Figure 9(b) shows that sealing the gap de-
creases the peak pressure at the nose of , the aileron and 
also eliminates the irregularities in the pressure caused 
by flow through the gap . 
Pressure-distribution diagrams of the sealed-internal-
balance aileron on the 66 ,2- 216, a = 1.0, airfoil with 
three vent gap s are given in figure 10. Because there is 
no flow across the bala nce of this aileron, the location 
of the e nds of the cover plates , which is defined by the 
vent gap , determines the pressure available for balance . 
Increases in the vent gap generally reduced the pressure 
difference across the balance. 
The effect of variations of the nose r ad iu s of the 
Frise aileron is shown in fi gure ll(a). At ne g ative ai-
leron deflections the smallest nose radius, 0 . 00 12c, caused 
the flo~ to separate at a small defle cti on. At oa = -10°, 
the 0.0080c radiu s d elayed the s tall cut [lOre than doubled 
the peak pressure; further increase of the radius to 
0.0150c decreased th e peak pressure. Variations of the 
radii had cons iderably less e ffect at zero or positive 
aileron deflections than at negative deflections. 
Variations in the p r e ssure distribution caused by in-
creasing the vent gap from 0.0055e to O.OlOOe with the 
0 .00 80 c nose radiu s and by rou nding the lower surface to 
a radius of 0.02c at the entrance of the slot, are shown 
in f i gu r e 11 ( b) . ( For con v e n i e nee, t his r ad ius 0 f the 
rounded wing block will oe desi g nated lower-SUrface radius 
on the figu res . ) At negative aileron ang les, as the flow 
is increased throug h the slot by increasing the vent gap 
and rou nd ing the wing block at the slot entrance, the peak 
p ressure is decreased . 
During the tests, the aileron deflection for a g iven 
an g le of attack at wh ich the peak pressures reached a max-
imum over the nose of t he Frise aileron was determined 
and is g iven in tab le II . The hig hest peak pressure coef-
ficients were obtained at lo v Mach numbers and the aileron 
angle at \,fhich the pressure coefficient ':"las maximum de-




Section Loads and Moments 
The section c oefficients for the various airfoil-
aileron combinat i ons , which are given in figures 12 to 
15, were obtained from an i ntegration of the pressure-
distribution diagrams given in fi gures 4 to 7. The 
ch ord-force coefficient of th e aileron has been used in 
calculating the pitching-moment coefficient of the uir-
foil, although none of the diagrams in which the pres-
sures were plotted parallel to the a il e r on chord have 
been presentea . Because the chord-force was evaluated 
by inte grating the pressure-distribution diagram s , the 
magnitude of these forces will be in ' error by an amount 
equal to the s k~n-friction forces, which have not been 
included . . 
Each ail o ron apparent l y stalled at some deflection 
that depended on the geometry of the aileron , on the 
angle of attack , and on the speed; ~hd the curves of 
load and moment c oefficients changed appr ec~'bly at the 
stall o In every case the unstalled rang e was decreased 
with incr ease of speed. The slope of the curv es of load 
and mome nt co e fficients in the unstalle d rango was gen-
eral ly increased with increase of spee d. 
CONCLUSIONS 
Tbo r esults of th e present investi gat ion of pressuro-
distributions over the NA CA 66 , 2-216, a ::; 1 . 0, and HACA 
23C12 airfoils with various balances on 0 .2 0 chor d ailer-
ons indicat e the following gene r al conclusion~~ 
1 . Increasing the a irspeed from a Mach number of 
approximately 0 . 20 to 0 . 47 caused larg e changes in the 
pressure distribution over the airfoil and ail e r on . The 
negativ e pr es sure coefficients i n creas ed with incr~ase 
of sp eed , except when the pressur e coeffi ci ent was 
greater than the critical pr e ssur e coeffic i ent ' or when 
separa tion occur ro d. Tho unstall ed ran go of the ailerons 
tested dc c rcRsad with increa se of speed . 
2 . The unst al led range of thQ bl~nt-Loso and FriSG 
a.ilerons ','as appreciably increased. by incre:l-sir.g the 
radius of the nose of the balance. The highest peak 
p ressuros at the n ose of the balance were obtained with 
tho FriB e aileron . 
1 0 
3 . S eal in g t hG gap of tho blunt--nose-ba.l~j.n c e ,~ il e r -· 
ons de c reased the peak pr e s sure a t t he nose of the 
a i le r on and el i mi nate d the i rr egulari ties in the p r essure 
caused by fl of through ~he gap . 
4 . ~he i nt orna l - balance aileron was th e onl y a il e ro n 
t es.1.ed tha. t had 10vlo r peak pressures on the ail eron t hn n 
on the air f oi i at al l a t t i tude s and d cfl o c tions . Th is 
c ond i t i on is i mp or ta n t be cau s e at low aGglos of attack 
peak pressur es on the a i lo ro n may J . torrn i n~ the cri t-
ica l spee d of th e airf o i l - aile r on c ombi na t ion . 
Langley Hem or i c 1 _ ero n '3. u t ica l La b oratory , 
National Advi so ry Comm it tee for Aeronau ti c s , 
Laneley Fie l d , Va . 
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. TABLE -r. - DIll I11ATES OF AIRFO ILS 
[Stations and ordinates in percent of airfoil chord}; 
~AGA 66 ,2- 216 , a = 1.0, airfoil 1JACA 23012 airfoil 
Upper surface Lov/er surface Ordin::ttes 
upper 10\"Jer 
Station Ordinate Sta.tion Ordinate Station surface surface 
0 0 0 0 0 ------- 0 
.401 ::. .230 
·599 -1.130 1.25 2.67 -1. 23 
. 640 1.484 .360 -1.")44 2·5 3.61 -1·71 
-1.61+4 • 1.123 1.358 1.372 5.0 4.91 -2.26 
2. 362 2.560 2.633 - 2.13B 7· 5 5·30 -2.61 4.846 3·604 5.154 -2. 972 10 6.43 -2,·92 
7.340 4.428 7· 660 - 3 · 5im 15 7·19 - 3·50 
9.838 5.140 10.162 -4.106 20 7·50 -3 ·97 14.845 6.276 15.155 - 4- .930 25 7.60 -4.28 
19.860 7.156 20 .140 -5.564 30 7· 55 -4.46 24 .879 {.844 25 ·121 - 6.054 40 7·14 -4.48 
29 ·900 8.366 30 .100 - 6.422 50 6.41 -4 .17 ~11 O?4 1:L736 35 ·076 - 6.676 60 5 .l.~7 -3~67 ~ "I' • .,.If:.-
39 ·949 8.980 40 .051 - 6.838 70 4.36 -~.oo 44.974 9.092 45 .026 -6.902 80 3.08 -2.16 50.000 9.060 50 .000 - 6.854 90 1.58 -1.23 
55 .025 8.875 54.975 - 6.685 95 ·92 -.70 60 .048 8.496 59.972 - 6.354 100 .13 -.13 65 .067 7.862 64.933 -5·802 
70.081 6.941 69.919 -4.997 
75·0B7 5.860 74.913 - 4.070 L.E. radius: 1.5S 
30 .0e5 4.644 79.915 -3. 052 Slope or radius through end 
85·075 3·395 84.925 -2.049 of chord.; 0.305 
90. 055 2.103 89.9 LL5 -1.069 
95·028 .913 94.972 -.231 
100.000 0 100.000 0 
l-' 
L.E. radius: 1.575 l-' 
, ---
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TJ,.BLE II . -- MA XI MUM Pi<. :'~K PRESS URE OOEF F ICI ENTS .'"T NO SE 
OF FR I SE .b. 11EROH 
[ Nose r adiu s = O. OO Ee ; v o n t ga p = 0 . 00 65 e ] 
-5 . 1 
0 
0 
5 . 1 
5 . 1 
1 0 . 2 
1 0 . 2 
~ Ua. 
( de g ) 
- 14 . 0 
- 15 . 3 
- 10 . 8 
- 15 . 3 
- 12 . 0 
- 17 . 0 
- 11 . 3 
i'Iax i muill p eak 
p r ess ur e c oe ffic i ent 
- 3 . 3 
- 4 . 5 
_ '4 . 1 
-4 ~ 9 
- 3 . 4 
- 5 . 4 
- 3 . 7 
0 . 1 97 
. 1 96 
. 4 72 
. 1 96 
. 454 
. 196 
. 4 44 
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(d) Blunt-nose-ba/ance aileron on 
the NACA Z 3012 airfoil. 
Fi9ure Z . - Sketch of oile>rons . All ailerons ore of true 




Reynolds m:un~er '0ase1 on s ta::l'ia:;:-d atmosph ere 
Figure 3 . - ReY::lo l ds number for v~lues of test ~t1ach nu:n"lJsr for a 2-foot chor,'i A.i rfoil 
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